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3DSHcer

* An end-user application for image
analysis and visualization

* An open-source environment for
software development

« A software platform that is both
easy to use for clinical researchers
and easy to extend for
programmers

CTSA at RSNA 2010
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www.slicer.org

3DSlicer [Seach ]

& " A multi-platform, free and open source software package for
Q 3DSlicer visualization and medical image computing
o

3D Slicer version 3 —

is a multi-platform L

» Contact Us

software running on

* Download

»For Users

Windows, Linux, rooenm

»*NCIA

»Publication DB
nd M X
[ » Slicer Community

»Source Code
»Licensing
»Mailing Lists
»Web Archive

Disclaimer

It is the responsibility of the user of 3DSlicer to comply with both
the terms of the license and with the applicable laws, regulations
and rules. Slicer is a tool for research, and is not FDA approved.

CTSA at RSNA 2010 --
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3DSHcer

« This workshop uses the newest
release of 3D Slicer (version
3.6.2).

» Visit the slicer download page for
Slicer 3.6 stable release, or for
Slicer nightly builds.

CTSA at RSNA 2010

!E> : A multi-platform, free and open source «
. 3DsI |Ce_r visualization and medical \maqe Com[ utmq

Download Reference  Feedback

Search

Slicer Wiki

About Slicer

» Introduction

» Acknowled
#Us

Resources
* Download

»For Users

» For Developers
» Commercial Use
»*NCIA
»Publication DB
»Image Gallery

» Slicer Community
» Source Code
»Licensing

» Mailing Lists
»Web Archive
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Tutorial Overview

3DSlicer

» Getting Started: Slicer3 Minute Tutorial

* Quantitative Measurement of Volumetric Change:
ChangeTracker Tutorial

* Quantitative Measurements for Functional Imaging:
PETCTFusion Tutorial

All Tutorial Datasets are located in C:\slicer_data

CTSA at RSNA 2010
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@ Slicer3 Minute Tutorial
=

3DSlicer

Part I: Slicer3 Minute Tutorial

Sonia Pujol, PhD
Wendy Plesniak, PhD

This tutorial is a short introduction
to the advanced 3D visualization
capabilities of the Slicer3 software
for medical image analysis.

It is designed to quickly build a
basic level of comfort with the
Slicer software.

Thursday, November 4, 2010




- Slicer3 Minute Tutorial

3DSHcer

e The Slicer3minute dataset is composed of
an MR scan of the brain and 3D surface
reconstructions of anatomical structures.

e The data are part of the SPL-PNL Brain
Atlas developed by Talos et al. The atlas is
available at:

http://www.spl.harvard.edu/publications/item/view/1265

CTSA at RSNA 2010
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http://www.spl.harvard.edu/publications/item/view/1265
http://www.spl.harvard.edu/publications/item/view/1265

L ﬁ Slicer3 Minute Tutorial: Launch the Application

12 3D Siicer Version 3.4

3DSlicer Fe Edt Vew Wndow Hep Feedback
BIE)| v Siesttelezme = EE @ & (&) @ (@) @& [ [ (2 & 3 i
B s | -
“ Welcome & About —
g‘m 35Sl Welcome

nel.below, click on its grey title bar.

Windows users:

Double-Click the Shortcut to
Slicer3.exe on the Desktop

Sal T

or Select )

Start ->All Programs ->Slicer3 3.5.2009-11-06->Slicer

Thursday, November 4, 2010



Slicer3 Minute Tutorial: Navigating the Application GUI

y Bl - - &=
s oo Menu & Toolbar
(i
The Graphical User
Interface (GUI) of 3D Viewer
Slicer3 integrates five = GU:
components: Sl
e the Menu Toolbar
e the Module GUI Panel = —————————
e the 3D Viewer Ee N N - M N
. the Slice Viewer 2 P P EEECT [o uuuuuu_J
 the Slice and 3D View
Controller E“D@hc@W
Vlgggntroller
° [l e = O
l_hl_ i [ioo
)

CTSA at RSNA 2010

Thursday, November 4, 2010




@ Slicer3 Minute Tutorial: Welcome Module

3DSlicer

The SlicerWelcome
module is the module
displayed by default.

This module gives an
overview of the GUI of
Slicer3, and data loading
& saving functionalities.

I2 3p siicer Version 3.4
Fle Edt View Window Help Feedback

EE| e [ awer S| AHEE CEEEEEEERE =

@ Slicer

“ Welcome & About

3D Slicer is a free open source software platiorm for medical image
processing and 3D visualization of image data. This module contains
some basic information and useful links to get you started using Slicer.
Please see our website hitp://www.slicer.org and the on
our wiki for more information

Hint: to open any information panel below, click on its grey title bar

Don' show this module on startup.
~ Ovenview

~ Basic & Extended Modules

~ Loading Scenes & Data

~ Saving Scenes & Data

|~ Adjusting Data Display

* Manipulate Slice Views

EEDDBEEEE EE

* Manipulate 3D View

HEEE

= m

|

=&l x|

=
—~L®

)

Lb: None
Fg: None
Bg None
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‘[8) Slicer3 Minute Tutorial: GUI Basics
Gi

S ENEES BoE@EEElEDE O @ i 6

3DSlicer

Expand or shrink the

GUI panel with the
arrows at the frame

top, or by clicking and

dragging the vertical
separator

Expand or collapse
any sub-panel by
clicking on its grey
title bar.

Fle Edt View Window Help Feedback

B & oo
{h Slicer

“ Welcome & About

o

ey 3pslicer Welcome

processing

3D Slicer is a fiee open source software platform for medical image
ocessing and 3D visuali image data. This module contains

ks to get you started using Slicer.

Don't show this module on startup.

~ Oveniew

~ Basic & Extended Modules
~ Loading Scenes & Datal
~ Savina@ies & Data

* Adjusting Data Display

* Manipulate Slice Views

EEDDBEEEE

* Manipulate 3D View

s HE PR - @

ot .,
L EERE
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Slicer3 Minute Tuto
_4

3DSlicer

Select File-> Load éc;ene
from the File menu

Browse to the location Bf the
Slicer3MinuteDataset
directory.

Select the scene file N

slicer3minute.mrml
Click on Open to load the
scene

A= SD'Sicer version 3.4

/

rial: Load A Scene

Fle Edit View Window Help Feedback

BE

Modules: elcome

= I EE]-- HoAFPEENENE D E ¢ + &

2 Lung_PETCT1
=) NeuroSurgTutorial
) PETCT Yap1
2 PETCT _Yap2
) PienaarGrant
3 PNL-Normalsubjects
2 ptest
) RECISi=FutorialData
B ) Sliger_ data
{3 DhiangeTracker2009
B0 PETCTFusion-Tutori
3 Slicer3Minute
& ) TutorialData
) Visualization
) Wstruct
) XcedeXcat
) XnatXcat
Nesirn

L

Coronal None

L

None

File name:

Open

Files of & e |Scenes(mrm! xml xcat) Cancel |

¥ Saving Scenes & Data

¥ Adjusting Data Display

* Manipulate Slice Views

EEDDEEEE EET @

“ Manipulate 3D View
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3DSlicer

Slicer displays a 3D
model of the head in
the 3D Viewer, and
anatomical MR slices
of the brain in the 2D
Slice Viewer.

2 3D Shicer Version 3.4

Slicer3 Minute Tutorial: Viewing the Scene

Fle Edt View Window Help Feedback

R

@ DSlicer

“ Welcome & About

@ 3DSlicer
N > version 3.4
w

3D Slicer is a free open source software platform for medical
image processing and 3D visualization of image data. This
module contains some basic information and useful links to get
you started using Slicer. Please see our website

http-/Awww slicer.org and the

Slicerielcome

= [ EE e B @] & [B] @) @ ] = (2 8@ iF R

Welcome

on our wiki for more

3D Slicer is distributed unde:
abo

Hint: to open any information panel below, click on its grey title

bar.

Donit show this module on startup.

~ Oveniew

~ Basic & Extended Modules
~ Loading Scenes & Data

~ Saving Scenes & Data

~ Adjusting Data Display

* Manipulate Slice Views

EEDDBEEBEE

* Manipulate 3D View

==l x|

3D Viewer

o —
—_ : grayscale_1 =

& None
O3]l |

— 2@ Nene —
—_ : greyscale_1 —_

[

BT

2D Slice Viewers
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3DSlicer

Please note:

We have pre-adjusted the window and level
settings for these volumes so that they are

Slicer3 Minute Tutorial:

Viewing the Scene

—l5lx|
Fle Edt View Window Help Feedback
B [&]| vossies: | siicer Welcome N - BREE S EEEE 3 i

; Slicer |

appropriate for display on most laptops.

If display is not satisfactory on your machine or
projector, the Volumes Module may be used to
refine these settings.

~ Basic & Extended Modules
~ Loading Scenes & Data
~ Saving Scenes & Data

~ Adjusting Data Display
* Manipulate Slice Views

EEONBEEEE EET
* Manipulate 3D View

|iEIE

EEl

EEH
K3 ol i
HRI)

[

=
=

Jo—
[22.969
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@ Slicer3 Minute Tutorial: Exploring Slicer’s functionality
=

I3 3 Siicer Version 3.4 == x|
. B £dt Vew window Hep Feedback
3DSlicer e =
BB o | o vizre NP EEf-—- BENEEEEDEZE iR
D PSlicer 1

* Welcome & Abol =

( “3DSlicer
@ Hcer Welcome

Left click and hold the | b s

useful links to get
ite

Modules menubutton.

Select All Modules to
display the list of all : 1@
modules available for : g

image analysis and 3D

visualization. » -
'@DEE EETTE

B

ER

HEE
K3 ol i
HRI)
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3DSlicer

To access the Models
module, browse
through the list of
modules or click on
the shortcut icon |
in the toolbar

CTSA at RSNA 2010

Slicer3 Minute Tutorial:

All Modules

'D‘CiD Slicer Version 3.5 Alph:
Fle Edit View Window He Color
Data

B E| e Editor

Fiducials

(Utah) Deformable BSpline registration (alpha)
4D Image

ACPC Transform

Add Images

Affine registration

Atlas Creator

Brain MR to Template registration

Cast Image
ROl ChangeTracker
CheckerBoard Filter
SlicerWelcome
ClipModel
Slices
Transforms Color
- Create a DICOM Series
VolumeRendering .
Curvature Anisotropic Diffusion
Volumes
Data
Wizards 4 Deformable BSpline registration
Informatics > Dicom DWI loader
Registration »  Dicom to Nrrd
i > Di phic Demons Algorithm
Statistics > Diffusion Tensor Estimation
Diffusion > Diffusion Tensor Scalar Measurements v
) Tractography 4 DistanceTransformModel
right_eyeballvtk IGT » EMSegment
Skin.wtk I
Filtering > EMSegment BatchMake
Model Display Surface Models *  EMSegment Command-line
. Batch Processing *  EMSegment Simple
| | or Hi h
Select Model or Hierarchy: |pe Converters » Editor
Developer Tools  *  Execution Model Tour
Selected
0 ,  Extract Skeleton
Visibility E: ROI
_ FastMarchingSegmentation
FetchMI
FiberBundles
FiducialSeeding
Clipping Fiducials

Slice Intersections Visible

“ Manipulate Slice Views

DEE

“ Manipulate 3D View

53(13)

All Modules

Followup brain MR registration

Gradient Anisotropic Diffusion
GradientAnisotropicFilter
Grayscale Fill Hole
Grayscale Grind Peak
Grayscale Model Maker
Gyri Contour Segmentation
Histogram Matching

Image Label Combine

Joint Rician LMMSE Image Filter
Label Map Smoothing
LabelStatistics

Labelmap Seeding

Linear registration

MRI Bias Field Correction
Mask Image

Measurements

Median Filter

Model Maker
ModellntoLabelVolume
ModelMirror

Models

Multiply Images

NeuroNav

OpenlGTLink IF

Orient Images

Otsu Threshold

Otsu Threshold Segmentation
PETCTFusion

ProstateNav

QdecModule

QueryAtlas

ROI

ROISelect

Register Images

Register Images BatchMake
Resample DTI Volume

R

F traction
Gaussian Blur
Gaussian Blur BatchMake

ple Scalar Volume

Resample Scalar Volume BatchMake
Resample Scalar/Vector/DWI Volume

Rician LMMSE Image Filter

Exploring Slicer’s functionality

Rigid registration
ScriptedModuleExample

Simple region growing

SlicerWelcome

Slices

Subtract Images

Threshold Image

Transforms

Unbiased Non Local Means filter for DWI
VolumeRendering

Volumes

Voting Binary Hole Filling

Zero Crossing Based Edge Detection Filter

L

EIIEI

None

grayscale —

lo
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3DSlicer

Slicer3 Minute Tutorial:

D Slcer verae

Fle Edt View Window Help Feedback

e = IR EE e B R R EEE EE R i
{D DSlicer ,

: |

Switching to the Models Module

m— . Slicer displays the GUI of the
Model Hierarchy Models mOdUIe_

hemispheric_white_matterstk
lefi_eyeball vtk

x
-]
optic_chiasm.vik
optic_nerve_Lvik
optic_nerve_Ruvik
optic_tract_Lvik
X

b

optic_tract_Ruvk
right_eyeballvik

skull_bonewtk

Model Display

Select Model or Hierarchy: Skin. vtk

Selected

Visibility

Scalar Visibility 1 Set Active Scalar. = ||

Scalar Color Map Select

— U] X]

Clipping

Slice Intersections Visible

Backface Culling
Opacity 10
I |
J Set Color.
Matoial Branacin L2
“ Manipulate Slice Views

EElLEEEER B

“ Manipulate 3D View

| EEEE _
Do EERE
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3DSlicer

Position the mouse“
in the 3D Viewer.

Hold down the left

mouse button and
drag to rotate the

model.

Slicer3 Minute Tutorial:

R A LR
Fle Edt View Window Help Feedback

BIE]| oo = EEEI I@IIIIIIII III I E

Model Hierarchy

right_ eyebal\ Mk

skull_bone vtk

lodel Display
Select Model or Hierarchy Skinvtk

Selected

Basic 3D Interaction

fisibilty
Scalar Visibility [ Set Active Scalar
Scalar Color Map Select

Mipping

Slice Intersections Visible
Jackface Culling

I@IDIIII BT =)

“ Manipulate 3D View

’ )
ot =0
=R

— 1| X
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3DSlicer

w

Slicer3 Minute Tutorial: Viewing Slices in the 3D Viewer

Click on the
Slice Visibility
ar| icon

S —

to display the |
Axial Slice in
the 3D Viewer

EE| oo

Model Hierarchy

Tight_eyeballvtk

skull_bone vk

Model Display

Select Model or Hierarchy:

Selected
Visibility

Scalar Visibility [~ Set Active Scalar
"W

ST
File Edt View Window Help Feedback

— L x|

= MEEE - BREBCEENE D E ¢ i @

— 41

x ||« L x

Skin vtk

L

Clipping

Slice Intersections Visible
Backface Culling

Opacity

nnnnnnnnnnnnnnnnnn

“ Manipulate Slice Views

LIS

EEDDEEER EEr

“ Manipulate 3D View
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w

3DSlicer

Select the Skin mo&e].

Change the opacity of

the model from
1.0t0 0.0. .

Slicer3 Minute Tutorial:

RO
Fle Edit View Window Help Feedback

BIE]| e esel —~ Elﬂlfll I@IIIIIIII EE + #

{Z\ Slicer

4
“ Hierarchy & Display
Model Hierarchy

hemispheric_white_matter vtk
left_eyeball vtk

x
|

optic_chiasm.atk

optic_nerve_Lvik

optic_nerve_Ruvtk

optic_tract_Lwvtk

optic_tract_ Rtk
x

Ll g _eyenan

| Model Display

Select Model or Hierarchy: Skin.vtk

Selected

Visibility

Scalar Visibility [ Set Active Scalar. = [T

Scalar Color Map Select:

Clipping
Slice Intersections Visible

Backfage, Culing =

* Manipulate Slice Views

EEUNEREE B

“ Manipulate 3D View

b S

@
300

EHE
KIGi(S)
(T ele]

3D Visualization

— L] X]
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@ Slicer3 Minute Tutorial:

-] 5
Fle Edt View Window Help Feedback

9 DSlicer

3DSlicer

* Hierarchy & Display
Model Hierarchy

hemispheric_white_matier ik
Ieft_eyeballvik
optic_chiasmatk

optic_nerve_Lvtk
optic_nerve_Ruvtk

The model of the skull bone and
eyeballs appear through the model of
the skin in the 3D viewer. |

|| backtace Culling w
5

Opacity 0

3D Visualization

— L] %]
— MMEE B [ [ (8] (@) @ 1] (4 (1) (@ I
: _— T

—

H

i

None

7
1

(skin model opacity = 0.5) :

L]

Matarial Dranarine.

* Manipulate Slice Views

EEDDEEER EET

* Manipulate 3D View

. IEl
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3DSlicer

w

Slicer3 Minute Tutorial: 3D

The model of the skull bone and
eyeballs appear through the modelof | ——
the skin in the 3D viewer. |

(skin model opacity = 0.5)
(skull model opac

Model Display

Select Model or Hierarchy: skull_bone vtk
Selected

Visibility

Scalar Visibity [ Set Active Scalar -

Scalar Color Map Select

Clipping

Slice Intersections Visible

Backface Culling

Opacity 1.0

“ Manipulate Slice Views

EEIDEEEE BT

* Manipulate 3D View

Visualization

[ — Sy

16 (@ & [ (€[] [E] § ¥

ity = 1.0)
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{E\ Slicer3 Minute Tutorial: 3D Visualization

3DSlicer

Click on the

Slice Visibility «

| icon in the
Green Slice
Viewer

to display the
Coronal Slice in
the 3D Viewer

Fle Edit View Window Help Feedback

“ Hierarchy & Display
Model Hierarchy

hemispheric_white_matterik
left_eyeballvik
optic_chiasmik
optic_nerve_Lvtk
optic_nerve_Ratk
optic_tract_Lvtk
optic_tract_Rvtk
fight_eyeball vk

Skin .tk

Model Display

ull_bone vtk

A L_Select Model or Hierarchy: skull_b

Selected
Visibilty
Scalar Visibility [ Set Active Scalar

Scalar Color Map Select:

Clipping

Slice Intersections Visible

Backface Culling
Opacity

= MME@E- BhpeEHELE ERE  + &

— U] X]

nnnnnnnnnnnnnnnnnn

“ Manipulate Slice Views

EENEEEE B

“ Manipulate 3D View

.=
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Fle Edit View Window Help Feedback

3DSlicer BB veoues osel
@ DSlicer

>

¥ Help & Acknowledgement

“ Load

Add 3D model or a model directory
Add scalar overlay

“ Hierarchy & Display
Model Hierarchy

L x

hemispheric_white_mattervtk
left_eyeball vtk
optic_chiasm.tk
optic_nerve_Ltk
optic_nerve_Rwtk
optic_tract_Lwtk
optic_tract_ Rtk
right_eyeballvtk

Slicer3 Minute Tutorial:

= [AMEE = R R @6 EE =R SR E

3D Visualization

T\Audel Display X

ESKINAVK
| T —
‘ = T

Select Model or Hierarchy: skull_bone vtk
| |oSeietiea
WL Visibilty

Scalar Visibility |1 9et ACtVe Scalar =

Scalar Color Map Select
=
“ Manipulate Slice Views

EELBEEEE B

“ Manipulate 3D View

| EEE

&
(8] o e

X - — -
] =l i ——

= = ]

£ OIEID

1 o o IPAlEalEa

Select the 3D model
“skull_bone” in the
Model Hierarchy, and
turn off its Visibility

Thursday, November 4, 2010



3DSlicer

Slicer3 Minute Tutorial:

Fle Edit View Window Help Feedback

BIE]| vese ol = MM EE - ol @0 6 =EE SR E f F -

rb\ Slice

4

SR AT
hemispheric_white_matterik A 2l

Skinatk

Model Display

Select Model or Hierarchy: skull bone vtk

Scroll the Coronal Slice to display..
the hemispheric white matter
model in the context of the image
data in the 3D Viewer.

=l

EEDDEREE e

“ Manipulate 3D View

3D Visualization

_iolx]
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Slicer3 Minute Tutorial:

w

3DSlicer

| optic_chiasm ik
optic_nerve_Lwtk
optic_nerve_Rvtk
| optic_tract_Lvtk

optic_tract_Ratk

right_eyehall vtk

Skinatk

skull_bone vtk
Model Display

Select Model or Hierarchy: |hemispheric_white_matter.vtk

" Selectad

: ; Visibility

llor Map Select

Select the hemispheric white ...

werScalar: | —

/A Gty

3D Visualization

[Z 3D Siicer Version 3.5 Alpha

Fle Edit View Window Help Feedback

= | EE- & @ (& @ €] @ F = 2 E 5/ =

=lolx|

FullRainbow

matter model called
hemispheric_white_matter.vtk w;;e .

Shce Views

DEEEE B ®

Turn off its visibility. ...

@
DEle

Eﬂm
K]

(ZTelel

X ﬂ

=g

-2
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3DSlicer

Slicer3 Minute Tutorial:

3D Visualization

Fle Edit View Window Help Feedback

=] %]
BIE]] veee et =M EE - BREECENEE SR E ¢ -
: N\ r
9 Slicer \-\\ \\\
— ‘:J »\.\
* Hierarchy & Display

Model Hierarchy

hemispheric_white_matterastk

|

Select Model or Hierarchy: |hemispheric_white_matter vtk

Model Display

Selected
Visibility

Scalar Visibilty [ Set Active Scalar -

Scalar Color Map Select FullRainbow

Clipping

Slice Intersections Visible

Backface Culling

Opacity 10

I
[ set color

nnnnnnnnnnnnnnnnnn

“ Manipulate Slice Views

EEILEEEE B )

“ Manipulate 3D View

=

~E

Ais! — 2@ None —

None

Slicer displays the optic nerve,
| optic chiasm and optic tracts
overlaid on the MR images of the

Thursday, November 4, 2010



Slicer3 Minute Tutorial: 3D Visualization

w

SRR LX)
Fle Edit View Window Help Feedback
3DSlicer B B | vestes = [MEE B & (& [#] @ & [F [ (2] = L
y NN A
@ Slicer N

A

“ Hierarchy & Display

Model Hierarchy x

Windows/Linux users: Position the
mouse in the 3D Viewer, hold down the
right mouse button and move the
mouse down to zoom in.

Selected
Visibility

Scalar Visibility [ Set Active Scalar -
Scalar Color Map Select FullRainbow > =
g

Clippin -
pping :

Slice Intersections Visible

Backface Culling

Mac users: Positioﬁﬁe mouse in the
3D Viewer, hold down the apple
button and the mouse button and

move the mouse down to zoom in.
[T A T = (= ] T J
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Slicer3 Minute Tutorial: 3D Visualization

I2 3p siicer Version 3.4 == x|
Fle Edit View Window Help Feedback

3DSlicer ) -
BIR]| vesrs Mocels —‘EIZJEI BhEEEENEE G E [

@ 3DSlicer

Model Hierarchy

right_eyeball vk
Skin.vtk

AL Model Display

Slicer3 displays a closer
view of 3D anatomical ......0.
structures overlaid on -

2D MR sllces

farchy skull_bone vtk

@ Coronsl
Op ity 1.0 None
I |
| set color
Material Properties x

Ambient: 0 j
* Manipulate Slice Views

EEDDBEREER B

“ Manipulate 3D View

I@ &
L 2 @
BERE

CTSA at RSNA 2010 -
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Slicer3 Minute Tutorial: Summary

3DSlicer

This tutorial has demonstrated:

e Basic description of the Slicer3 Application Interface
e How to load a scene containing volumes and models
e How to visualize these different datasets together

Next, we will use these building blocks to perform
Image analysis and visualize quantitative results.

CTSA at RSNA 2010
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( u
/ H
</ R 7
o e
/ ; Coronal — 3@ 2008-spgr.nm =<

: i Nene —t | 2l[@)] 20085007 nm_vol_Supsrsameies  —dt |
3DSlicer |l [T ——

CCCCCC

2007

The module described in this tutorial was tested on Axial 3D
SPGR T1 post Gadolinium scans (Voxel dimension: 0.94mm
x 0.94mm x 1.20mm, FOV: 240mm, Matrix: 256 x 256)

CTSA at RSNA 2010

ChangeTracker: exploring small volumetric changes

Part Il: Analyzing Small
Volumetric Changes using the
Change Tracker Module

Kilian M Pohl, PhD
Ender Konugolu, PhD
Andriy Fedorov, PhD
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ChangeTracker: Conventional measures of tumor response
w

3DSlicer

« Conventional anatomic imaging using CT or MRI are often used to evaluate
tumor size and shape

* Most clinical trials that evaluate new chemotherapeutic drugs use changes in
uni-dimensional or bi-dimensional measurements to assess response (e.qg.
RECIST)

» Slicer has several tools for applying RECIST methodologies

Thursday, November 4, 2010



N
\ 2 3D Siicer Version 3.5 Alpha

0 File Edit Vi Wind Help Feedback
3DSlicer o T = <

Q sosticer

“ Modify A Selected Fiducial List & Its Fiducials ﬂ

3D Slicer’s Fiducials Module ... L —H
can be used to measure the - e

_ longest dlamgter ““_

in a tumor cross section. 15 S

E L-P2 -5.156500 40.73130C

Distance: L-P1 to L-P2 = 38.5971 mm
List Distance: 38.5971 mm

1L Renumber Fiducials | Rename Fiducials | J‘

" Numbering Scheme: | Usep 1|

Quantifying tumor change: Conventional measures of tumor response

=lolx|

BIB]| oo Fiducas ~IuEE- I@IIIIIIIII III P i[O

|28.7

Ll

/ " F Manipulate Siice Views
/ EEIDEBEEBEER Ewr

The distance measurement "™

(mm) will be updated in the LEE ='=

Fiducial's GUI panel. e ez
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Quantifying tumor change: Conventional measures of tumor response
v

3DSlicer

3D Slicer's Measurements module,
provides a measurement widget that
operates in the 3D Viewer and the
Slice Viewers.

Interactive ruler measures
the longest diameter and
provides numerical
annotations
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3D Slicer’s
LabelDiameterEstimation
module will automatically
compute the largest tumor
diameter.

This analysis requires an
initial segmentation (VOI).

CTSA at RSNA 2010

LD =38.1 mm

Baseline: June 2006 Follow-up: June 2007
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Lt ChangeTracker: rationale for new approaches
L 4

3DSlicer

* However, more accurate and precise methods for understanding
volume changes may be useful when:

* benign tumor change is being monitored, or

« where small changes may be clinically significant but difficult
to assess with RECIST

« ChangeTracker Module is a tool to measure
volumetric change at the voxel level.
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3DSlicer

First, close any previous
scene.

Select File->Close Scene

This removes any datasets
previously loaded into Slicer.

@ ChangeTracker: exploring small volumetric changes

I2 3D slicer Version 3.5 Alpha

Fle Edit View Window Help Feedback

Load Scene. Ctr-0
Import Scene
Add Data. Ctrl-A
Add Volume

Add Transform.
2 s

Close Scene Ctrl-W l

/ !B P%asst Welcom

3D Slicer is a fiee open source software platform for
medical image processing and 3D visualization of image
data. This module contains some basic information and
useful links to get you started using Slicer. Please see our
website hitp licer org and the on our

bin/License/Slicerl orm pl

Hint: to open any information panel below, click on its grey
title bar.

Don't show this module on startup
~ Oveniew
~ Basic & Extended Modules
~ Loading Scenes & Data

~ Saving Scenes & Data

“ Manipulate Slice Views

EEINEEEE BT

“ Manipulate 3D View

L
L=

Close Scene

®

REEEEEDE R 3

prezne | (D] [ @[ BB

=

EIDKID

E
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ChangeTracker:

3DSlicer

Select File-=>Load Scene‘

This raises the Load Scene Interface @
select the file: ¢ =
ChangetrackerTutorial2009.mrmil<___
double click the file, or click Open

Load the training dataset

2 3D siicer Version 3.5 Alpha

{'rie Edt View Winaow itaa Feedback

oad Scen Cculo —
pod e . | InEEF @ ;
Add Data. Ctrl-A
Add Volume.
‘Add Transform.
Save Ctrl-S
Close Scene Ctrl-W

Exit

3DSlicer

version 3.4

Welcome

3D Slicer s a free open source software platform for medical image processing and 3D visualization of image
data. This module contains some basic information and useful links to get you started using Slicer. Please see
our website http://wwnw slicer org and the on our wiki for more information

http://www slicer.org/slicerVVi php/D: 34

oftware license
orm pl. The software has been
approved by the Food and Drug

3D Slicer i o
t e http-/fwww slicer org/cgi-bin/License/Slicerl
only and has not been reviewed

Hint: to open any information panel below, click on its grey title bar - -

Donit show this module on startup

Oveniew

Basic & Extended Modules

el 1)
3 Lung_PETCT1
(=) NeuroSurg Tutoris
3 PETCT. Xal
£ PERSISSp2 |

Loading Scenes & Data

> Modified time
5] 11

~ Saving Scenes & Data

* Manipulate Slice Views

EEEEE

' PNL-Normal-Subjects
3 ptest
() RECIST-TutorialData
B ) Slicer_data
(=) ChangeTracker2009
@ () PETCTFusion-Tutori
) SliceriMinute
2 TutorialData
B () Visualization
=) Wtruct
) XcedeXcat
2 VnaiXoat

File name:

[ChangetrackerTutorial2009.mml

Files of type |Scenes(mrml xml xcat) j Cancel

| - -
__IJ_H T —— 5

Open
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ChangeTracker: about the data...
w

3DSlicer
This course is built upon two scans of a patient with meningioma:

MR Scan 1 MR Scan 2

Please note: we have pre-adjusted the window and level settings
for these volumes so that they are appropriate for display on most
laptops. If display is not satisfactory on your machine or projector,
the Volumes Module may be used to refine these settings.
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w

3DSlicer

Baseline:
June 2006

Follow-up:
June 2007

ChangeTracker

- Clinical context

Meningoma
e Usually benign slow-growing tumors

Baseline radiologist’s clinical impression:

* large falcine lesion is identified.

e measures 3.1 cm anteroposteriorly, 3.05 cm from
side-to-side, 3.5 cm in height.

e enhances moderately on post gadolinium imaging.

Follow-up radiologist’s clinical impression:

e left frontal lobe mass appears unchanged on all series.
e measures 3.3 x 3.2 cm in maximum dimension.

e enhances moderately on post gadolinium imaging.

How has the tumor changed?
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=lolx|

3DSlicer

ml lavaut
v FfFour-up layout
- ] 30"y rayout

DRed slice only layout
[ vetlow siice only layout
[ Green slice only layout
Tabbed 3D layout
[Frabbed slice layout

B compare layout

Toggle GUI panel visibility
Toggle GUI panel LIR

Change Layout to “Four-up”:

Using the Layout Menubutton,

3D Slicer is a free open source software platform for
medical image processing and 3D visualization of image
data. This module contains some basic information and
useful links to get you started using Slicer. Please see our
website http w.slicer.org and the d on our

close

Form.pl

Sagittal

Hint: to open any information panel below, click on its grey | —
title bar.

CInKID

20085

L

Don't show this module on startup
7 Overview
~ Basic & Extended Modules

¥ Loading Scenes & Data

“ Manipulate Slice Views

EEEDLNEBEE

“ Manipulate 3D View

Lb:
Fg None
Bg: Out of Frame

Four-up layout
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ChangeTracker:
y

IZ 3D slicer Version 3.5 Alpha

. Fle Edit View Window Help Feedback
3DSlicer -
EET ¢ ChangeTradker
(B 5.

" Help & Acknowledgement
* Wizard
1/4. Define Scans

Select first and second scan of patient

Select Scan

Using the Modules Menubutton,
Select the ChangeTracker Module .
from the Wizards category.

None

* Manipulate Slice Views

EEELEE

* Manipulate 3D View

ot
2l

ChangeTracker

exploring small volumetric changes

=lolx]|

o | Ta TR ] [

AllMidules »

& B [ Bl [@ & E A E i i [

Color
Data No
Editor

Fiducials
Measurements
Models
PETCTFusion
ROI
SlicerWelcome
Slices

DD

2008-spgr.nrrd

Transforms
VolumeRendering

Wizards
Registration
Segmentation
Statistics
Diffusion
Tractography
IGT
Filtering
Surface Models

Sagittal

— 2 E
— 2@

Batch Processing (S]] LI o
Converters 32

32

Developer Tools

4D

Sp: 0.938mm

None
g. Out of Frame
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3DSlicer

The Workflow Wizard
guides the user through a
sequence of steps and has
the following components:

* the Step Panel
e the User Panel
e the Navigation Panel

CTSA at RSNA 2010

ChangeTracker: a note about the Workflow Wizard

File Edit View Window Help Feedback

IE' @ Modules ChangeTracker —
m 3DSlicer
L4

" Help

~ Wizard
1/4. Define Scans

Step Panel__ | Select first and second scan of patient.
| >elect >can
1. Scan | None — =
User Panel-- 25" [Nore =3

Navigation Panel-- | ‘ —

“ Manipulate Slice Views
EHEE T
“ Manipulate 3D View

oo gEE-E
| e e @
%100

Feedback
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3DSlicer

ChangeTracker: First step: select scans

2 3D Slicer Version 3.5 Alpha
Fie Edit View Window Help Feedback

BIE]| e i K1 L] B (2 B @ & [ (=€ K E E | G2

>
rﬁ\ Slicer —

— ChangeTracker

(S

CIDIEID

¥ Help & Acknowledgement Bg: 2006-spgr.nird
None
None

* Wizard
1/4. Define Scans

Axial

Select first and second scan of patient

Select Scan A
1. Scan 2006-spgr.nrrd — ]E
2. Scan 2007-spgr nrd —

I =E

“ Manipulate Slice Views

EEONBEE

“ Manipulate 3D View

e | B
L

Middle Button: Pan; Right Button: Zoom
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3DSlicer

CTSA at RSNA 2010

“ Manipulate Slice Views

EEONDEEEE R

“ Manipulate 3D View

4 ‘5 EHEE
R;TiL .
LR

=

&
EEs
(Tl

ChangeTracker: inspect the tumor

imisel
Fie Edit View Window Help Feedback W = . .
B[R] vesue ChangeTioces E]@_ @ 2 i [0 ) Nl_ove sllders In Sllce
B o [ — Viewer Controller
=] . ‘ panels to view tumor.
.ot s A
vom [ s —& A _ _
_E Y, Zoom in (Right mouse
T/
down and push/pull).
= 2@ - .
SEE] ~ L] — Pan (Middle mouse

down and move).

RN

Press Next
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2 3p Siicer Version 3.5 Alpha

ChangeTracker: Step 2. Define a volume of interest

3DSlicer

A VOI Box Widget is positioned within the image volume in the 3D

viewer, and the VOI’s intersection with each slice is shown in blue

¥ Help & Acknowledgement
* Wizard
2/4. Define Volume of Interest

Click right mouse button to re-center VOI, use left button tc

Define VOI
Display volume rendering and VOI label |E| Reset
“ ROI Widget Controls: RAS Space
-11.7 7.96¢
L-R Range nn
! L |
19.2° 38.9(
P-A Range 1T
T I
189 39.9
I-S Range: non
' 1t
Display clipping box E\ Interactive Mode
kL
Center the VOI first: i
.
Back Next >

Right mouse click in the
tumor center to position the  »=-
VOlI displayed in blue in each
Slice Viewer.

Middle Button: Pan; Right Button: Zoom

e el I o e b e e
Eﬂmm = ———TT]

E g
T, u@].. 2
Hi=R/EH

"
I

=lolx|
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ChangeTracker: Step 2. Define a volume of interest

3DSlicer ST

Fle Edit View Window Help Feedback

BIE)] oo ereas | ITJDIEE e e B 0] (4] (8] (0] [ 0] [ ] B ) LA
angeTracker N— S =
{-.\ — Ais! — =[@] T6_ROI —
= Nore — 2@ 200639513 — 5
(S

~ Help & Acknowledgement
“ Wizard
2/4. Define Volume of Interest
Click right mouse button to re-center VOI, use left button tc

Define VOI
Display volume rendering and VOI label [%] Reset

“* ROI Widget Controls: RAS Space

193 1551
L-R Range: 1

! —

10.9¢ 4511
P-ARange "

r I

124 466

I-S Range 1

Display clipping box [#] Interactive Mode @ aittsl ={l T6_ROI Coronl

Advanced Settings

Next, resiée the VOI: -

Left mouse click inany
Slice Viewer to change |
the VOI extent @

CTSA at RSNA 2010

View the VOI box widget and
volume rendering of tumor in

yellow
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ChangeTracker: Step 2. Define a volume of interest

Fine-tune the VOI using the VOI Widget range sliders
or by moving the VOI Widget handles in 3D view

“* Wizard

2/4. Define Volume of Interest
Click right mouse button to re-center VOI, use left button tc

- Define VOI

I-S Range: ;

Display clipping box E Interactive Mode @

Note: VOI Widget range sliders are color-coded to match
VOI box Widget handles in 3D Viewer

CTSA at RSNA 2010
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3DSlicer

Scroll through slices to
ensure that tumor
boundaries are
included in the VOI.

Click Next

CTSA at RSNA 2010

ChangeTracker: Step 2. Define a volume of interest

2 3D slicer Version 3.5 Alpha

File Edit View Window Help Feedback

B E| e
@ 3DSlicer

ChangeTradker

Axisl — S(@] TG_ROI —
Nene — 2@
|

QK]

2008-spgr.nrd =]

]

130.1

¥ Help & Acknowledgement
“ Wizard
2/4. Define Volume of Interest
Click right mouse button to re-center VOI, use left button tc
Define VOI

Display volume rendering and VO label [#] Reset

“ ROI Widget Controls: RAS Space

L-R Range W ,ﬂ

P-A Range:

N >
2 =
=
&

= [ EE e BB A B E & E[E 2 E E LR

=lolx]|

S Range 0 "
— T
Display clipping box [#] Interactive Mode Sesitel - e =5 cerel — -] e =1
None — @ 2008-spgr.nrd —_ None —_ : 2008-spgr.nrrd — 2
Advanced Setting B | [7-9688 = | [33 281

“ Manipulate Slice Views

EEDDEREE EETT

“ Manipulate 3D View
8lsois ='=

0 |EEEe @

et
|

Middle Button: Pan; Right Button: Zoom
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@ ChangeTracker: Step 3. Segment the tumor
=

-loix]
S | I — Fle Edit View Window Help Feedback )
P | o o] CEECECEEECIE] 3D Viewer shows
) ; Asial — . 2008-3gr.0m8 /,
B o B] s e = @] e . Model of tumor F
@MM| LT |zs 644

~ Help & Acknowledgement
“ Wizard
3/4. Identify Tumor in First Scan
Move slider to outline boundary of tumor
| Identify Tumor,
| threshola: [1775 [pea
*J—J

AAAAAAAAAAAAAAAAAAA

Slice Viewers show L
S— - - VOl with current F
S - segmentation overlay -

[ ]n ] ye"OW 7

Modify the
segmentation by
moving threshold

range slider * Manipulate Slice Views
EEINEREER e e
“ Manipulate 3D View
@
E

&

O

EHE
[©[ElE
(Tl
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ChangeTracker: Step 3. Segment the tumor

X / ’ 2 3D Siicer Version 3.5 Alpha —
Fie Edit View Window Help Feedback
3DSlicer E&E]| e SS— — | MNEA B @ [ 8] (@] & F (€@ (4 = = £k
‘ {-‘\ SSlicer Axial — 2 2008-spgr.nd : — /)7777(7))(¥77(/_))_7“

==

Select the Grid option to |

display grid with original =~
voxel size. -

\..

Grid slice < Back Next >

Note: You may need to pan
or zoom with Right / Left |
mouse button in the Slice == —
Viewers to refresh their ;
display.

Middle Button: Pan: Right Button: Zoom

Lb: 0 Black
Fg: 49
Bg: 58
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ChangeTracker: Step 3. Segment the tumor
v

3DSlicer

2 3D Siicer Version 3.5 Alpha =lo|x|

File Edt View Window Help Feedback

o] BONEEE0NEDSE o0 +

@ Slicer

Select the Slice optionto
see the baseline scan in g_ |
the 3D VIieWer. oo s

Identify Tumor

|| Threshold: |125 364
| —] 1

|
’va ced Settings -

Grid Slice < Back Next >

Note: The 3D View can be reset
using the Axis Navigator Widget

“ Manipulate Slice Views

P8 EEDDEDEE e

L “ Manipulate 3D View
y T EE
A el !
J L

EH
i)
[Tl

N~

Thursday, November 4, 2010



File Edit View Window Help Feedback

ga

3DSlicer

Modules: ChangeTracker

3DSlicer

~ Help & Acknowledgement
“ Wizard
3/4. Identify Tumor in First Scan
Move slider to outline boundary of tumor

Identify Tumor

Threshold: [125 364
I —

Adanced Settings

Press Next.f |

Next >

Grid Slice

“ Manipulate Slice Views

EEOEBE

* Manipulate 3D View

— | MM EE |- - ERE B EEEEE ;i [

ChangeTracker: Step 3. Segment the tumor

= =

2008-spgr.nerd

—t (5[] 20085080

120.806

=

<

|_SuperSsmpled

Sagittal 2008-spgr.nrd

=]

DD

T6_Grid —_ : 2008 spgr.nd_VOI_SuperSampled  md —_

|-1.8563

d_VOI_SuperSampled

28.191
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@ ChangeTracker: Final step: Select Metric
<

Fle Edit View Window Help Feedback

BE| o [ o S |ORNEE BODEESOENDSE 0D E O
=
T6_Gri
S

3DSlicer

Metric Options:
Detect change by
analyzing intensity
pattern (fast)

Measure change by
analyzing
deformation map
(slow)

@ DSlicer
¥ Help & Acknowledgement
* Wizard
4/4. Define Metric
We provide several metrics to measure growth
Select Growth Metric
.i; [ Analyze Intensity Pattems (fast)
[ Angly ze Detormation Map (slow)

Advanggd Settings

1A S ™
Gri¢ Slice < Back Analyze

Select fast and press 'g

Analyze' ¢

“ Manipulate 3D View
@
E

&

EHE
[C[EE
HDC

— Sltpt s for the Foreground

=1l

L

L

|-1.8563

128.191
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ChangeTracker: Intensity-based analysis details

w
3DSlicer Konukoglu et al. ,“Monitoring Slowly Evolving Tumors”, ISBI, 2008

e

Register baseline and followup (preserve volume) b ‘w‘ !!
= ] 'L | q.

Normalize intensities i A/ 2{

Using segmentation and difference image,
compute PDF of dormant tissue

Set threshold for voxel-wise analysis

Thursday, November 4, 2010



ChangeTracker: Results: change in pathology

IZ 3D siicer Version 3.5 Alpha

3DSlicer

File Edit View Window Help Feedback

Change in volume is shown: -
| g I h ;
Modules: ChangeTracker —_ |£’ - d
: ta = growth
B o 5 :, magenta ro
E | -
— green = shrinkage
~ Help & Acknowledgement
“ Wizard T
Analysis
Analysis of Tumor Growth
Intensity Pattern Analysis
Al Sensitive @ Moderate [/ Robust
- . £ (116 Voxels)
Turn Slice option off. @
R - Save y
Screenshot || Analysis Data
| Results will be saved to directory: In
&meumems and Settings/wjp/Local Settings/Temp/Slicer? o - : po— =
k - ChTracker_Analysis_IntensityDisplay —_ : 200 4_VOI_SuperSampled =<
m— Slice < Back oK || I = _LI

Select visibility icon [*

[26.506

to show slice in the 3D I

— 2@ 2008-spgr.nm —
ChTracker_Anslysis_IntensityDisplay — : 2008-spgr.nd_VOI_SuperSampled — 5
| z LT

; | B
Viewer

HEER - @

Middle Button: Pan; Right Button: Zoom

b S
L

126.506
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ChangeTracker: Results: change in pathology

Fle Edit View Window Help Feedback

_llx]

3DSlicer .
Bl B| vesues CrangeTraser —MMEE B [ (&) @] @] & [E] [ K EE SR B 2 i
B -osiicer Axial — 20 o =1
-.D Stice ) . D] [y —

[28.644
~ Help & Acknowledgement

“ Wizard
Analysis
Analysis of Tumor Growth
Intensity Pattern Analysis
Sensitive [ Moderate [/ Robust
Shrinkage: 142.828 mm® (116 Voxels)
Growth 300.034 mm* (243 Voxels)
Total Change: 157.206 mm?® (127 Voxels)
Save
Screenshot Analysis Data

Results will be saved to directory:

Z1C:/Documents and Settings/wjp/Local Settings/Temp/Slicer]

Axial — 2@ — 3
ChTradker_Anslysis_IntensityDisplay —_ : =y =

“Compare View” layout displays: =1 = e

Five corresponding consecutive slices [

for the VOI in the baseline (top row), =

and in the followup (bottom row). pg e I

» 0 | EEEER e —
| @) ..f:l. O

|A

Middle Button: Pan; Right Button: Zoom
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3DSlicer

ChangeTracker: Results: change in pathology

2 3D Sicer Version 3.5 Alpha

Fle Edit View Window Help Feedback

BB e

@ 3DSlicer

ChangeTracker

¥ Help & Acknowledgement
“ Wizard
Analysis
Analysis of Tumor Growth
Intensity Pattern Analysis
Sensitive [ Moderate [/ Robust
Shrinkage:  142.828 mm® (116 Voxels)
Growth 300.034 mm* (243 Voxels)
Total Change: 157.206 mm?® (127 Voxels)
Save
Screenshot Analysis Data
Results will be saved to directory:

Z)C:/Documents and Settings/wip/Local Settings/Temp/Slicer3

Grid Slice < Back 0K

Crosshairs in Compare View
show corresponding voxels in
baseline and followup scan. =

wianipurate JuU view

&)
d e EERIE

Middle Button: Pan; Right Button: Zoom

ChTracker_Analysis_IntensityDisplsy i

= [ME : & o] & =] @] &

Axial

2008-spgr.nrd_VOI_SuperSampled

-

(O]l

| 28.644

Axial

ChTradker_Analysis_IntensityDisplsy

L

2008-spgr.nrd

2008-spgr.nmd_VOI_SuperSampled

CIDIED

Ub: 0 Black
4

Axial

ChTracker_Analysis_IntensityDisplay

2008-spgr.nmd

2008-spgr.nd_VOI_SuperSampled

ElalaE]

126.506
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3DSHcer

Define sensitivity of intensity
pattern analysis

CTSA at RSNA 2010

¥ Help & Acknowledgement

“ Wizard

Analysis
Analysis of Tumor Growth

- Intensity Pattern Analysis

Sensitive [ Moderate Robust

Shrinkage: 142.828 mm® (116 Voxels)
Growth: 300.034 mm*® (243 Voxels)
Total Change: 157.206 mm*® (127 Voxels)

- Save

IScreenshot H Analysis H Data

Results will be saved to directory:

l:l C:/Documents and Settings/wjp/Local Settings/Temp/Slicerj

| Gia | Sice | <Back |

|

ChangeTracker: Exploring small volumetric changes

sensitive

Intensity Pattern Analysis
@ Sensitive [/ Moderate ["] Robust

Shrinkage: 243.458 mm* (197 Voxels)
Growth: 327.234 mm* (265 Voxels)
Total Change: 83.776 mm*® (68 Voxels)

moderate

Intensity Pattern Analysis
Sensitive [ Moderate || Robust
Shrinkage: 164.717 mm* (133 Voxels)

Growth: 266.577 mm® (216 Voxels)
Total Change: 101.860 mm® (82 Voxels)

robust

Intensity Pattern Analysis
Sensitive [/ Moderate [ Robust

Shrinkage: 116.475 mm* (94 Voxels)
Growth: 186.418 mm* (151 Voxels)
Total Change: 69.943 mm*® (56 Voxels)
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4 E50N
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sl
oih |
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3DSlicer

Fle Edit View Window Help Feedback

E M !
)

=4

ChangeTradker

Slicer
¥ Help & Acknowledgement = /
“ Wizard
Analysis
|
of Tumor Growth

Click on the colored bar at ==

the top of any Slice Viewer ..
to show or hide the controls. =

Il be saved to directory:

This allows more display ==

< Back OK

space for viewing the image = --
data.

“ Manipulate Slice Views

EEDNEEERE 1

“ Manipulate 3D View

] —
' Fﬁu
~ | lERE L

IZ 3D siicer Version 3.5 Alpha

L
— | [ lENE o

ChangeTracker: Exploring small volumetric changes

- ol x|
Click to shrink/exnand

B8] =] [Z] =] (& &1 Gl el

g
’_
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Lt ChangeTracker: Exploring small volumetric changes

3DSlicer

Tested on Axial 3D SPGR T1 post Gadolinium scans (Voxel dimension: 0.94mm
X 0.94mm x 1.20mm, FOV: 240mm, Matrix: 256 x 2506).

Tumor boundary should be clear.

Only for contrast enhanced images.

Need homogenous enhancement across timepoints.
Not tested for tumors with changing necrosis.

Correspondence between Intensity-based and deformation mapping-based
analyses should be checked.
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ChangeTracker: exploring small volumetric changes

3DSlicer

This tutorial demonstrated:

e a method to quantify small volumetric changes in pathology.
e visualization of these changes in the anatomical context

e use of Slicer’'s “Compare Viewer” to simultaneously explore baseline
and followup studies.

Next, we will demonstrate combined visualization
of PET/CT studies and SUV computation.

CTSA at RSNA 2010
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@ PET/CT Visualization and Analysis
=

.
3Dslicer | Axisl : PET1 - :
‘@ e

Part lll: PET/CT Analysis
using 3D Slicer

|-52.557

Jeffrey Yap PhD
Ron Kikinis MD
Wendy Plesniak PhD
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3DSlicer

Remove any datasets |
previously loaded into
Slicer: |

(

Select File->Close Scene

2 3D Slicer Version 3.5 Alpha
Fle Edit View Window Help Feedback
Load Scene Ctr-0

{% PET/CT Visualization and Analysis: Start fresh.

S ro]e B

Add Data Ctrl-A
Add Volume.
Add Transform.

Close Scene Ctr-w B

Exit

“@ RSl Welcom

3D Slicer is a free open source software platform for
medical image processing and 3D visualization of image
data. This module contains some basic information and
useful links to get you started using Slicer. Please see our
website http://www slicer.org and the on our

3D Slicer i

bin/License/Slicerl orm.pl
T

Hint: to open any information panel below, click on its grey
title bar.

Don't show this module on startup
~ Ovenvew
~ Basic & Extended Modules
~ Loading Scenes & Data

~ Saving Scenes & Data

* Manipulate Slice Views

EEODE

“ Manipulate 3D View

Close Scene

—

QDK

LiL

(S]]

Sagittal

None

None

=lolx|

(S~ ]LT
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3DSlicer

Select File-=>Load Scene

This raises the Load Scene Interface |

select the file called | '0-0-a@
PETCTFusion-Tutorial-Scene.mrml|

Double click the file, or click Open

Load Scene. Ctd-0
Add Data. Ctrl-A
Add Volume.
Add Transform.
Save Ctr-s
Close Scene Ctrl-W Al
Exit
/7
{ 3DSlicer

g Welcome

3D Slicer is a free open source software platform for medical image processing and 3D visualization of image
data. This module contains some basic information and useful links to get you started using Slicer. Please see

our website http://wwnw slicer.org and the documentation on our wiki for more information:
htp: icer hp/D 4

d under a

3D Slicer s d D-style license: for details about the contribution and software license
ag t Mo /iy slicer.org/cgi-bin/L m.pl. The software has been
d for purposes only and has not been reviewed or approved by the Food and Drug

inistration, or by any other agency

Hint: to open any information panel below, click on ts grey title bar.

Dont show this module on startup.

LL

T

ssgittsl —_

L@

2 ptest
) RECIST-Tul
B 2 Slicer_data

B ) PETCTFu

oCT1
D cT2

& Slicers

m

7 Plenaa o
@ ) PNL-Nomal-Subjelts

|22 ChangeTracker2009

@ () TutorialData

= Visualizatinn

@ () Lung_PETCT1 A 11/04/08 11:13:41
(22 NeuroSurgTutorial - 11/04/0911:14:49
() PETCT_Yap1 11/04/09 11:13:55

110409 11515 10

torialData. |

sion-Tutori

File name: |PETCTFuswon-Tutona\»Scene mrml

Files of type: [Scenes (mml xml xcat)
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PET/CT Visualization and Analysis: About the data
w

3DSIi .
e Non small cell lung cancer patient

Two PET studies: baseline acquired before treatement, and followup
acquired 1 month after chemotherapy

Two non-diagnostic CT images are acquired without the use of contrast
FDG-PET scans acquired 60 minutes after intravenous injection of

approximately 20 mCi of 18FDG

Two VOIs have been created using Slicer’s Editor Module.
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3D5|{¢er Using Modules Menubutton:

Expose the menu and select the module called PETCTFusion.

(ETTEE— All Modules

Fle Edt View 4 dow Heln Feedhack

EE] SE 3

* Welcome & About

@ b2 Welcom
4

3D Slicer s a free open source software platform for
medical image processing and 3D visualization of image
data. This module contains some basic information and
useful links u started using Slicer_ Please see our
website htt 1g and the documentation on our

icenseForm pl

Hint: to open any information panel below, click on its grey
title bar.

Dont show this module on startup
~ Oveniew

~ Basic & Extended Modules

~ Loading Scenes & Data

~ Saving Scenes & Data

[E— Color
Data

e Editor
BT Fiducials
Measurements
Models
PETCTFusion
ROI
v SlicerWelcome

Slices
Transforms
VolumeRendering
Volumes

Wizards

o niormancs
Registration
Segmentation
Statistics

~ Adjusting Data Display
~ Configuring Viewers & Layout
~ Mouse Modes
Customizing Slicer 5
* Manipulate Siice Views
EEIDBEENEE B e

* Manipulate 3D View

Diffusion
Tractography

IGT

Filtering

Surface Models
Batch Processing
Converters
Developer Tools

4D

»

| // =lolx|

PET/CT Visualization and Analysis: Open the PETCTFusion Module
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L ﬁ PET/CT Visualization and Analysis: Select baseline study

| —1ofx]
apay Note: Module requires DICOM format data CEEEEEEE o
B e i S — :

In the Data Fusion panel, select:

CT volume: CT1

PET volume: PET1

Tumor Mask: PET1-label

When the PET volume is
selected, a “wait message” will
be displayed while parameters

are read from DICOM header.

g
g St

¥ Help & Acknowledgement
“ Data Fusion

* Display

Study Date:  2009/03/20

PET Color. Grey [ Heat Spectrum
Window/Level

' w

Compute / Refresh

* Study Parameters
Refresh SUV Attributes From DICOM
Set SUV Attributes Manually

* Manipulate Slice Views
EEDODEEER (]

“ Manipulate 3D View

Mex SUVbw (g/m) | Mean SUVbw (g/m) | (RIS

EEEE :
He=cE B
8l=loi0)= .
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L £\ PETI/CT Visualization and Analysis: Information displayed in “Layers”
£

3DSlicer

Note: this stacks the PET, CT

and VOI in three layers: -

Background = CT1
Foreground = PET1
Overlay (Label) = PET1-label

where they can be blended into
a single visualization

Thursday, November 4, 2010

I2 3D Siicer Version 3.5 Alpha
Fle Edt View Window Hep Feedback

'{i) >Slicer

7 Help & Acknowledgement s S
T e usion

CT Volume: cT1

PET Volume PET1

Tumor Mask PET1-label

Study Information

Patient Name:  05223-0502-00027

Study Date: 2009/03/20

* Display

PET Color: Grey [ Heat Spectrum

Window/Level

0 231
PET: min e ™ (SUVbw)

Mex SUVbw (g/m) | Mean SUVbw (g/m) | (RIS

=1olx]

' w

Compute / Refresh

“ Study Parame ters
Refresh SUV Attributes From DICOM
Set SUV Attributes Manually

“ Manipulate Slice Views

EEINEEEE B =TE

* Manipulate 3D View

(220G
[l
(eleE
(Tl




w

3DSlicer

In the Display Panel, choose
a colorization option for the
PET volume from among
Grey, Heat, or Spectrum.

Adjust the window and level
for CT1 and PET1 volumes.

Adjust the Slices Fade Scale
to jointly display the datasets
in the foreground and
background layers.

2 3D Siicer Version 3.5 Alpha

Fie Edt View Window Help Feedback

@ DSlicer

PETCTFusion

~ Help & Acknowledgement

“ Data Fusion

CT Volume: cT
PET Volume PET1
Tumor Mask PET1-label

Study Information
Patient Name: 05223-0502-00027

Study Date:  2009/03/20

* Display
PET Color Grey & Heat
Window/Level

* Quantitative Measures

Compute / Refresh
“ Study Parameters

Wilsfiesh SUV Attributes From DICOM

Set SEMMttributes Manually

- Mampu@

EEDDEDER E

“ Manipulate 3D View

© B
—rt @Bl
L EER

g
[elElE
HDE

= I E @ e B B[R 6] (6] 6 E = 2@ 00 E #

PET/CT Visualization and Analysis: Adjust display of the baseline study

=lolx]

T ]

= sl — 2@ rET1 —_ f
PETtabet 1 2 Ny
]
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3DSlicer

Explore:
in the Slice Viewers,
scroll through the slices

to locate the green Tumor .
label and the yellow Liver

label.

Note: (the yellow label is
used only to demonstrate
multiple-VOI functionality).

PET/CT Visualization and Analysis: Explore the visualization

_laix]
Fie Edit View Window Help Feedback
BI[E]] et FETCTFusen — | MMEE & @] (A (@] @] & [ [ ] = @ LI
T —
B osicer 5] o — 2@ e =
- T10n — S cm =
~ Help & Acknowledgement
“ Data Fusion N
CT Volume cT1 gjc
PET Volume PPETT
Tumor Mask .l pET1iabel
- Stgiiformation x

11 Patient Name:  05223-0502-00027
Study Date: 2009/03/20

* Display
PET Color: Grey [ Heat Spectrum
Window/Level x
0.95816 14.107
PET: min max (SUVbw)
" L |
e 215
CT: min max
— I

“siitative Measures .
SUVEw (g/ml) | Mean SUVBw (gim) | [

7

| o

—iE

—[F@] rert — @ —
= — @ — @ — @ =
(@= = | [aa434 @=L | [107.34

Compute / Refresh ™
“ Study Paramet ters

Refresh SUV Attributes From DICOM -

Set SUV Attributes Manually -

“ Manipulate Slice Views

EEDOBEEEE =

* Manipulate 3D View
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/ [#) PETI/CT Visualization and Analysis: View tumor in all slice viewers
Dy -laix]

Fie Edit View Window Help Feedback

3DSlicer =
Bl ]| wosues — | HMEE B @] (4] @] (@] @& [ [ = (@ (3
B) sosiicer =] el —[2[@] = =g
= PET1-1abel — 2@ - —_
=EE

Shortcut: To view the ,
Tumor Label in all Slice ot
Viewers: g

Tumor Mask: &= PETH;be\
| g

Patient Name:  05223-0502-00027

Enter _740 in the AXiaI ' Study Date:  2009/03/20

“ Display

Slice Viewer'’s Slice R

Number Entry il
...and...

-54 (Sagittal)

103 (Coronal).

[62.246

These are (mm)
positions within the ERNOEEEE SO
reference frame of the
image volumes.

reTreatmentPETCT [ restore

»
restore PostTreatmentPETCT [Fdelete

close

Slide 17 of 26 Default Design
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In the Quantitative
Measures panel, click the
Compute/Refresh button,

SUVmax and SUVmean for
each VOI (represented by a
different color in the label
map) will be displayed in
the table.

\\ CT: min — L

@ PET/CT Visualization and AnaIyS|s Compute SUV for all VOlIs in baseline

Fle Edit View Window Help Feedback

BIE]| veoues FeTCTR =M EE B R E 6 & E L EE L2k

#) sosiicer
=4
~ Help & Acknowledgement =

“ Data Fusion

CT Volume cT1
PET Volume PET1
Tumor Mask PET1abel
Study |

Patient Name: 05223-0502-00027

Study Date:  2009/03/20

“ Display
PET Color. Grey [ Heat Spectrum
Window/Level x
0.95816 14.107
PET: min max (SUVbw)
e

-164.84 215 max

“ Study Parameters
Refresh SUV Attributes From DICOM
Set SUV Attributes Manually L=l

* Manipulate Slice Views

EEDDBEEEE .

* Manipulate 3D View

2k o
ERE "

Middle Button: Pan; Right Button: Zoom

L

L
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ﬁ PET/CT Visualization and Analysis: Compute SUVbw for follow-up study
_laix]
BB v | e ANEE— BEEEERENEIEEE0E ¢ i -

{n Slicer ’ i — <@ — 3

& — 2@ =

¥ Help & Acknowledgement 2l \ﬁ\ﬂbﬂ = =

3DSlicer

Look for response to
treatment in the follow-up

study:

In the Data Fusion panel,

set:

CT volume = CT2,
PET volume = PET2 and
Tumor Mask = PET2-label.

This dataset contains two
VOiIs that correspond to the
segmentations the baseline

study.

CT Volume o2 N
PET Volume PET2 4
Tumor Mask PET2-label 4
w"
| - Study Information x

* Data Fusion

Patient Name: 05223-0502-00027
Study Date:  2009/04/23

“ Display

PET Color: Grey [ Heat Spectrum

Window/Level x
0 16.115

PET: min max (SUVbw)
—
-135 215

CT: min max

—

* Quantitative Measures

Max SUVIw (/) | Mean SUVew (g/mi)

-

| T =l
* Manipulate Slice Views
3] 0

* Manipulate 3D View

Middle Button: Pan; Right Button: Zoom

Lb: 0 Black
Fg: 5799.78

Bg: -040
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3DSlicer

Adjust the display for

the follow-up study.

You may want to adjust

the Slices Fade Slider_

and manipulate the 3D
View to refresh them.

PET/CT Visualization and Analysis: Modify display of the follow-up

* Manipulate Slice Views \

EEDDEDEER surme )

“ Manipulate 3D View
& . l I
s . B

et
L R

Lb: 6 Tumor

-
Fg: 42802.5
= Bg: 25

=
File Edit View Window Help Feedback
BB vesues JR—— | ANEBE[~ EADFEIEEIEDEE § i [
.
{'D Siicen Axial — : PET2 =
e pr— @ o=
(S=][=]] L] [-740
4l
CT Volume: cT2 E
PET Volume PET2 =
Tumor Mask PET2-label =
Study Information x
Patient Name: 05223-0502-00027
Study Date: 2009/04/23
“ Display
|| PET Color Grey & Heat Spectrum
Window/Level X
PET: min [0 | T8 max (SUVbw) = -
cT min 1 n 2 max Ssgitisl — 2@ PET2 —_
L 1H | PETZIsbel — 2[@] ct2 ==
* Quantitative Measures
| NSV (i) Vi suven o B
3 § 9351174 3.033374
8 | 3.224922 2605969
4 < 2]
Compute / Refresh ﬂ

Middle Button: Pan; Right Button: Zoom
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3DSlicer

In the “Quantitative
Measures” Panel:

select Compute/Refresh
to compute SUVbw for
the green Tumor volume

\

(and yellow liver volume). |

\

Fle Edit View Window Help Feedback

BIE)| oo rerctriien | [ D] [F] B e B (0] (A B @] @ ] (€ () E B i
{‘D — ’ Axial — : PET2 =
4 PETZste! — (@] ct2 =
O] T
Al
CT Volume cT2 E
PET Volume PET2 E
Tumor Mask PET2-label E
Study Information x

Patient Name: 05223-0502-00027
Study Date:  2009/04/23

“ Display
PET Color: Grey X Heat Spectrum
Window/Level x
0 7.75
PET: min I max (SUVbw)

I
CT: min 138 218 max
—

“ Quantitative Measures

Lebel Mean SUVbw (g/mij] gl 317
6 3351174 3033374 5K 9
8 3204922 2605969 -

Ll ] >

Compute / Refresh £l

“ Manipulate Slice Views

EEDDBEEER B0

“ Manipulate 3D View
B |
Rt =

Middle Button: Pan; Right Button: Zoom

PET/CT Visualization and Analysis: Compute SUVbw for follow-up

=lofx|

Lb: 6 Tumor

L -
CeERE T R D
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PET/CT Visualization and Analysis: Assess response wrt this VOI

3DSlicer

Pre-Treatment Max SUVbw = 8.0
Post-Treatment Max SUVbw = 9.4

+16.61% (SD)

CTSA at RSNA 2010
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PET/CT Visualization and Analysis: Appropriate Use

3DSlicer

Still validating this module against performance of commercial systems.
Appropriate only for DICOM PET studies only

Not compatible with Philips datasets

CTSA at RSNA 2010
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@ Workshop Summary

3DSlicer

This workshop has demonstrated:
 Basic scene loading and visualization using 3D Slicer

e Use of Slicer’s ChangeTracker module to assess small
changes in tumor size

e Workflow to make quantitative measurements of SUV
(body weight) in Slicer’'s PETCTFusion module
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Workshop Summary: Slides and Datasets

w
3DSlicer
Tutorial Slides:

http://wiki.na-mic.org/Wiki/images/4/4e/Combined-RSNAQ09-WJP.ppt

Tutorial Data:
http://wiki.na-mic.org/Wiki/images/5/51/Slicer3MinuteDataset.zip
http://wiki.na-mic.org/Wiki/images/f/f8/RSNA-ChangeTracker-Tutorial-Data.zip
http://wiki.na-mic.org/Wiki/images/7/73/PETCTFusion-Tutorial-Data.zip

Tutorial Software:
http://www.na-mic.org/Slicer/Download/Snapshots/win32/Slicer3-3.5-
RSNA-2009-11-06-win32.exe

More Information:
http://www.slicer.org
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CTSA at RSNA 2010

Harvard Clinical and Translational Science Center

National Alliance for Medical Image Computing
NIH U54EB005149

Brain Science Foundation

INRIA, France

Neuroimage Analysis Center (NAC)

National Center for Image-Guided Therapy (NCIGT)

Surgical Planning Laboratory, Brigham and Women’s Hospital
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